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Background: Optimal use of masks for preventing COVID-19
is unclear.

Purpose: To update an evidence synthesis on N95, surgical,
and cloth mask effectiveness in community and health care set-
tings for preventing SARS-CoV-2 infection.

Data Sources:MEDLINE, EMBASE, medRxiv (3 June 2022 to
2 January 2023), and reference lists.

Study Selection: Randomized trials of interventions to increase
mask use and risk for SARS-CoV-2 infection and observational
studies of mask use that controlled for potential confounders.

Data Extraction: Two investigators sequentially abstracted
study data and rated quality.

Data Synthesis: Three randomized trials and 21 observatio-
nal studies were included. In community settings, mask use
may be associated with a small reduced risk for SARS-CoV-2
infection versus no mask use, on the basis of 2 randomized
trials and 7 observational studies. In routine patient care set-
tings, surgical masks and N95 respirators may be associated
with similar risk for SARS-CoV-2 infection, on the basis of 1
new randomized trial with some imprecision and 4 observational

studies. Evidence from observational studies was insufficient to
evaluate other mask comparisons due to methodological limita-
tions and inconsistency.

Limitation: Few randomized trials, studies had methodolog-
ical limitations and some imprecision, suboptimal adherence
and pragmatic aspects of randomized trials potentially attenu-
ated benefits, very limited evidence on harms, uncertain applic-
ability to Omicron variant predominant era, meta-analysis not
done due to heterogeneity, unable to formally assess for publi-
cation bias, and restricted to English-language articles.

Conclusion: Updated evidence suggests that masks may be
associated with a small reduction in risk for SARS-CoV-2 infec-
tion in community settings. Surgical masks and N95 respirators
may be associated with similar infection risk in routine patient
care settings, but a beneficial effect of N95 respirators cannot
be ruled out.
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P reventive measures, including use of respiratory pro-
tective devices (“masks”), are recommended to

reduce risk for COVID-19, the disease caused by
SARS-CoV-2 infection. Several types of masks (N95 respi-
rators, surgical masks, and cloth masks) are available, with
variability in filtration efficacy, fluid resistance, and fit (1).
Factors affecting SARS-CoV-2 transmission and potentially
affecting mask effectiveness include viral transmission lev-
els, circulating variants, degree of immunity, behaviors
(for example, use of other personal protective equipment
and infection control measures), and exposures in differ-
ent settings (for example, home, community, or workplace
[including health care settings]). In June 2020, we pub-
lished the first version of a living, rapid review on masks
and risk for SARS-CoV-2 and other respiratory infections
(2). We found insufficient evidence to determine effects of
masks on SARS-CoV-2 infection, on the basis of 2 observa-
tional studies. Observational evidence suggested an asso-
ciation between mask use versus nonuse and reduced
SARS-CoV-1 infection risk in community settings and an
association between N95s versus surgical masks and
reduced SARS-CoV-1 infection risk in health care settings,
but the studies had methodological limitations. For influ-
enza or influenza-like illness, randomized controlled trials
(RCTs) indicated probably no difference between surgical
versus no mask in community settings, although adher-
ence was low, and probably similar effects of N95 and sur-
gical masks in health care settings.

We subsequently published 8 updates (last search
completed 2 June 2022 [3]), with low to moderate strength
evidence for an association between mask use and
decreased risk for SARS-CoV-2 infection in community set-
tings based on 2 RCTs and 10 observational studies. The
RCTs differed from observational studies by evaluating
interventions aimed at increasing mask use, rather than
outcomes associated with actual (self-reported) mask use.
Evidence on N95 versus surgical masks in health care
settings and risk for SARS-CoV-2 infection remained
insufficient on the basis of observational studies with
methodological limitations and inconsistency.

While conducting update 8, we were aware of a
completed RCT of N95 versus surgical masks and planned
a final update after its publication (4). The purpose of
this update is to incorporate this RCT and other new
studies. This update focuses on SARS-CoV-2 infection,
given increased evidence availability and uncertain
applicability of non–SARS-CoV-2 infections. Due to a
change in conclusions, this report met criteria for a major
update (5).
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METHODS

The key questions for the initial review were devel-
oped with input from staff at the American College of
Physicians and the Agency for Healthcare Research and
Quality (AHRQ). The protocol was posted on the AHRQ
Effective Health Care Programwebsite (6). From the orig-
inal protocol, we removed key questions on prevention
of influenza or influenza-like illness, SARS-CoV-1, and
Middle East respiratory syndrome coronavirus. To focus
on higher-quality evidence, we previously (7) modified
the protocol to exclude observational studies that did
not control for confounders, studies relying solely on
self-report for SARS-CoV-2 infection diagnosis, and non–
peer-reviewed studies, unless data were collected after
February 2021 (Delta and Omicron variant predominant
period). We also decreased the frequency of updates
and replaced rapid with standard systematic review meth-
ods, including dual abstract review, formal critical ap-
praisal of observational studies, and dual critical appraisal
and data abstraction. Supplement Table 1 (available at
Annals.org) describes the revised inclusion criteria and
protocol modifications. This final update was triggered by
the publication of a new RCT comparing masks types in
health care settings (4). Although no further updates are
planned, additional updates may be warranted by the
publication of new RCTs that could affect review findings.
The key questions were:

Key question 1: What is the effectiveness and com-
parative effectiveness of respirators (N95 or equivalent),
face masks (surgical), and cloth masks in addition to stand-
ard precautions in community and health care (high- or non–
high-risk) settings for prevention of SARS-CoV-2 infection?

Key question 2: What is the evidence for extended
or reuse of N95 respirators for prevention of SARS-CoV-2
infection?

Data Sources and Searches
Searches for this update were done from 3 June 2022

to 2 January 2023 on PubMed, MEDLINE, and Elsevier
EMBASE using the same search strategies (Supplement
Table 2, available at Annals.org) as the original review.
We also searched medRxiv and reviewed reference lists
of relevant articles.

Study Selection
We selected studies using the criteria described in

Supplement Table 1. The population was health care
workers (HCWs) and persons in the community. Interventions
were N95 (or equivalent) filtering facepiece respira-
tors, surgical masks, and cloth masks. We included RCTs,
cohort studies, and case–control studies on mask use ver-
sus no mask use, different mask types, consistency of mask
use, and reuse or extended versus standard mask use.
Outcomes were SARS-CoV-2 infection, on the basis of lab-
oratory testing or meeting clinical criteria for COVID-19,
and harms. We applied revised eligibility criteria to previ-
ously included studies. We excluded ecological studies
and studies on mask policies without information on indi-
vidual mask use (reviewed elsewhere [8]) and restricted
inclusion to English-language articles.

One investigator reviewed each citation for potential
full-text review and reviewed each full-text article for
inclusion. A second investigator verified exclusion deci-
sions at both the citation and full-text level; disagreements
were resolved through consensus.

Quality Assessment
Study quality was assessed using criteria adapted

from the U.S. Preventive Services Task Force (9).

Data Synthesis and Analysis
Meta-analysis was not done due to study design vari-

ability; methodological limitations; and differences in
study populations, comparisons, outcome definitions,
and settings. For cluster randomized trials, we reported
risk estimates adjusted for cluster effects when available
(10). For observational studies, we reported adjusted risk
estimates except when mask use was not included in the
model selection process, in which case we reported
the univariate risk estimate and noted exclusion from the
multivariate model. We synthesized evidence separately
for community and health care settings and separately
for RCTs and observational studies. For mask use versus
nonuse, we evaluated evidence for any or unspecified
mask use and for specific mask types. We examined how
findings differed when poor-quality studies or studies of
SARS-CoV-2 infection based solely on seropositivity were
excluded. We did not formally assess for publication bias
using graphical or statistical methods due to few RCTs
and methodological limitations and heterogeneity in the
observational studies (11). We updated a previously devel-
oped evidence map showing the strength of evidence and
effect direction for each mask comparison and setting. The
strength of evidence was classified as high, moderate, low,
or insufficient on the basis of study design, quality, inconsis-
tency, indirectness, and imprecision (12). This is our final
planned update.

Role of the Funding Source
Funding for the initial review and 2 updates was from

AHRQ; after update 2, no additional funding was received.
AHRQ had no role in subsequent updates and was not
involved in the decision to submit this article for publication.

RESULTS

Literature searches for the initial review and updates
identified a total of 9694 citations, including 1498 for this
update (Figure 1). Three RCTs (Table) (4, 13, 14) and 21
observational studies (in 22 publications [Supplement
Table 3, available at Annals.org]) (15–36) were included
in this update (Figure 1). The prior update (3) included 2
RCTs (both done in community settings) (13, 14) and 24
observational studies (15, 16, 20, 23–29, 31–44). Eight
prior observational studies did not meet revised inclu-
sion criteria because they relied on self-reported SARS-
CoV-2 infection (2 studies) (40, 42), did not control for
confounders (5 studies) (37–39, 41, 43), or evaluated
mask policies (1 study) (44), leaving 15 prior observatio-
nal studies (8 in community settings [16, 24–26, 29, 33,
34, 36] and 7 in health care settings [15, 20, 23, 27, 28,
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31, 32, 35]). For this update, we added 1 new RCT of
N95 versus surgical masks in health care settings (4) and
6 new observational studies (2 in community settings
[17, 22] and 4 in health care settings [18, 19, 21, 30]).

All RCTs were open label because blinding to mask
use or type was not possible. One RCT (13, 14) had incom-
plete outcomes assessment and differential recruitment, and
1 RCT (4) reported several protocol changes (Supplement
Table 4, available at Annals.org). Methodological shortcom-
ings in the observational studies included unclear or low par-
ticipation rate, potential recall bias, failure to report attrition
or missing data, and potential residual confounding due to
incomplete assessment of SARS-CoV-2 exposures and infec-
tion control measures (Supplement Table 5, available at
Annals.org). Key question 1 study results are summarized in
Supplement Table 6 (available at Annals.org). No study eval-
uated extended or reuse of N95 respirators (key question 2).

Community Settings
We identified no new studies of mask use versus

nonuse. In previous updates, 2 RCTs (13, 14) and 10

observational studies (16, 25, 26, 29, 33, 34, 36, 40, 42,
43) provided low to moderate strength evidence for
mask use (any or unspecified type) versus nonuse and
decreased SARS-CoV-2 infection risk in community set-
tings. One good-quality Danish RCT (n =6024) found a
mask use recommendation associated with a small, non-
statistically significant reduction in SARS-CoV-2 infection
risk (on the basis of antibody testing, polymerase chain
reaction [PCR], or hospital diagnosis) at 1month (1.8%
vs. 2.1%; odds ratio [OR], 0.82 [95% CI, 0.54 to 1.23])
(14). There were no differences in mask effects based on
age (≤48 vs. >48years), sex, or daily time outside the
home (≤4.5 vs. >4.5hours). The RCT was not designed
to assess masks as source control. In addition, mask ad-
herence was suboptimal (46% as recommended, 47%
predominantly as recommended), and high implementa-
tion of other infection control measures could have atte-
nuated benefits. A large (n > 340 000), fair-quality cluster
randomized trial done in Bangladesh found villages ran-
domly assigned to a community-level intervention to
promote mask use associated with decreased risk for

Figure 1. Literature flow diagram.

Records excluded at the title/abstract level (n = 9350)
   Original report: 1609
   Update alerts 1–8: 6271
   Current update: 1470

Full-text articles excluded (n = 274)
   Ineligible population: 2
   Ineligible intervention: 19
   Ineligible comparator: 5
   Ineligible outcome: 115
   Ineligible setting: 3
   Ineligible study design: 105
   Systematic review used as a source
      document: 25

Previously included studies excluded due to protocol
revisions (n = 8)
   No control for confounders: 5
   Self-reported SARS-CoV-2 infection: 2
   Evaluated mask policy: 1

Key question 2† (n = 0)

SARS-CoV-1/MERS-CoV (n = 19)†
   Community setting: 3
   Health care setting: 16

Influenza, ILI, or other VRI (n = 18)†
   Community setting: 12
   Health care setting: 6

Records identified through database searching and other sources (reference
lists and hand-searching) after removal of duplicates (n = 9694)
   Original report: 1742
   Update alerts 1–8: 6454
   Current update: 1498

Full-text articles assessed for eligibility (n = 344)
   Original report: 133
   Update alerts 1–8: 183
   Current update: 28

Studies included (n = 70)
   Original report: 39*
   Update alerts 1–8: 24 (in 25 publications)
   Current update: 7

Key question 1: (n = 61, in 62 publications)
   Original report: 37*
   Update alerts 1–8: 17 (in 18 publications)
   Current update: 7

SARS-CoV-2 (n = 24, in 25 publications)
   Original report (n = 0)
   Update alerts 1–8 (n = 17, in 18 publications)
      Community setting: 10
      Health care setting: 7 (in 8 publications)
   Current update (n = 7)
      Community setting: 3
      Health care setting: 4

ILI = influenza-like illness; MERS-CoV =Middle East respiratory syndrome coronavirus; VRI = viral respiratory illness.
* Includes 37 studies of SARS-CoV-1, MERS-CoV, influenza, ILI, or VRI.
†Not addressed in this update.
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symptomatic SARS-CoV-2 seroprevalence (0.68% vs.
0.76%; adjusted prevalence ratio, 0.90 [CI, 0.82 to
0.995]) and COVID-19 symptoms prevalence (7.63% vs.
8.60%; adjusted prevalence ratio, 0.88 [CI, 0.83 to 0.93])
versus control villages at 10 to 12weeks (13). Mask use
was 42% in intervention and 13% in control villages.
Effects were slightly greater for surgical masks (adjusted
prevalence ratio, 0.89 [CI, 0.78 to 0.997]) than cloth
masks (adjusted prevalence ratio, 0.94 [CI, 0.78 to 1.10]),

but CIs overlapped. Benefits of masks increased with
older age in surgical mask villages (adjusted prevalence
ratio, 0.65 [CI, 0.45 to 0.84] for persons ≥60years and
0.97 [CI, 0.83 to 1.10] for persons <40years) but not in
cloth mask villages. Methodological limitations included
failure to perform serologic testing in 60% of sympto-
matic patients (proportion similar in intervention and
control villages) and slightly higher recruitment in inter-
vention than control villages.

Table. Study Characteristics of RCTs of Mask Use

Study, Year
(Reference);
Country

Inclusion Criteria Sample Size Interventions and
Other Infection
Prevention and
Control Measures

Dates of Study Data
Collection; Duration
of Intervention; and
Duration of Follow-up

Age; Female,
%; Smoker

Other Population
Characteristics

Definition of
Infection

Community setting
Abaluck et al,

2022 (13);

Bangladesh

Villages in rural

Bangladesh

572 villages

(n = 342 183)

A. Mask promotion

intervention: house-

hold mask distribu-

tion; communication
about the value of

mask wearing; mask

promotion; in-per-

son reminders about
mask wearing at

mosques, markets,

and other public pla-

ces; role modeling
by public officials

and community

leaders

B. Control: no mask
promotion

intervention

November 2020 to

April 2021

8 wk

10-12 wk

Age: NR (cluster RCT)

Female: NR (cluster RCT)

Smoker: NR (cluster RCT)

NR (cluster RCT) Symptomatic SARS-

CoV-2 seropositivity

Bundgaard et al,

2021 (14);
Denmark

Community-dwelling,

asymptomatic
adults who

reported being

outside the home

among others for
at least 3 h per day

and who did not

wear masks during

their daily work

n =6024 A. Recommendation to

use study-provided
surgical masks to be

worn when outside

the home (n =3030)

B. No study-provided
masks (n =2994)

April to June 2020

1 mo
1mo

Age: mean, 47 y

Female: 64%
Smoker: 20%

7% home care or

nursing home
employee

SARS-CoV-2 infection

(PCR), seropositiv-
ity or health care

diagnosis of

SARS-CoV-2 or

COVID-19

Health care setting
Loeb et al, 2022

(4)*; Canada,
Israel, Pakistan,

and Egypt

Non–intensive care

unit health care
workers with direct

contact with

patients with con-

firmed or sus-
pected COVID-19,

with at least 60%

of work time dedi-

cated to clinical
care

Randomized

(n =1009);
analyzed

(n =1004)

A. Instruction to use

N95 respirator
(n =509) when pro-

viding routine care

to patients

B. Instruction to use
surgical mask

(n =500) when pro-

viding routine care

to patients; use of
an N95 respirator

was also permitted

on the basis of

point-of-care risk
assessment

Self-reported adher-

ence “always”:

80.7% (N95) vs.
91.2% (surgical

mask)

4 May 2020 to 29

March 2022
Canada: May 2020 to

May 2021

Israel: November 2020

to January 2021
Pakistan: June 2021 to

December 2021

Egypt: December

2021 to March
2022

10wk

10wk, until 2wk after

SARS-CoV-2 vacci-
nation, or until par-

ticipant withdrawal

Age: mean 35 y

Female: 70%
Smoker: NR

Role: 57% nurse, 7%

physician, 25% per-
sonal support

worker, 11% allied

health

Clinical unit: 82% acute
care, 14% emer-

gency department,

3% long-term care

Country: 26% Canada,
3% Israel, 18%

Pakistan, 52% Egypt

Vaccination status: 41%

received vaccine with
≤50% efficacy

Seropositivity (among

those with known sta-

tus at baseline
[n=991]): 59%

SARS-CoV-2 infection

based on PCR
testing

NR = not reported; PCR = polymerase chain reaction; RCT = randomized controlled trial.
* Added for the 2023 update.
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Of 10 prior observational studies, 9 found mask use
(any or unspecified type) associated with decreased
SARS-CoV-2 infection versus nonuse (adjusted risk esti-
mates ranged from 0.04 to 0.86). The 10th study reported
an imprecise estimate not favoring mask use (OR, 2.3 [CI,
0.67 to 8.25]) (43). That study and 2 others (40, 42) did not
meet revised inclusion criteria. In 7 remaining studies,
adjusted risk estimates ranged from 0.10 to 0.60 (16, 25,
26, 29, 33, 34, 36). Four studies used a case–control
design, 2 were cross-sectional, and 1 was a retrospective
cohort. In 4 studies, participants had community (25, 33,
34) or household (36) contact with COVID-19 cases; 1
study evaluated persons returning from high-prevalence
countries (29), and 2 studies selected patients who had
laboratory testing (16, 26). Mask use comparisons (for
example, mask use vs. no mask use, mask use when out-
doors vs. no mask, or mask use when exposed to index
case vs. no mask) and SARS-CoV-2 infection definitions
(PCR [5 studies]; undefined laboratory testing [1 study]; or
a combination of clinical, epidemiologic, and laboratory
criteria [1 study]) varied (Supplement Table 3). One case–
control study of persons exposed in 3 large COVID-19
clusters was rated poor quality because of high potential
for recall bias but reported results consistent with the
other studies (25).

The strength of evidence remained low for reduced
risk for SARS-CoV-2 infection with surgical masks versus
no mask on the basis of 2 prior RCTs (adjusted preva-
lence ratio, 0.89 [CI, 0.78 to 0.997] [13] and OR, 0.82 [CI,
0.52 to 1.23] [14]) and 2 observational studies (16, 25)
and insufficient for N95 respirators versus no mask (16)
or cloth mask versus no mask (13, 16, 25) (Figure 2;
Supplement Table 7, available at Annals.org). There
were no new studies and insufficient evidence for surgical
versus cloth masks (13, 16) and N95 versus surgical
masks (16).

In previous updates, 4 observational studies evaluated
more versus less consistent mask use and SARS-CoV-2
infection in community settings (16, 24, 25, 36). Although
they found more consistent mask use associated with
decreased SARS-CoV-2 infection risk, SARS-CoV-2 infec-
tion was based only on seropositivity in 1 study (25), and
the studies hadmethodological limitations, providing insuf-
ficient evidence (Figure 2 and Supplement Table 7). Two
new, fair-quality observational studies evaluated consis-
tency of mask use (Supplement Table 3) (17, 22). Although
1 cross-sectional study (n =1337; Brazil) found more con-
sistent mask use associated with reduced SARS-CoV-2
seropositivity risk (adjusted OR, 0.30 [CI, 0.11 to 0.81]) (22),
another large (n =10 250; Germany) new cohort study did

Figure 2.Masks for prevention of SARS-CoV-2 evidence map.
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Comparison Number and Types of Studies Strength of Evidence, Direction of Effect

Community setting

Health care setting

1 observational study (16)

1 observational study (16)

Direction of effect
                          Favors intervention A
                          Effects similar or no difference
                          No or too little evidence to determine

�
�

Strength of evidence
    Moderate
    Low
    Insufficient

�

   Mask (any or unspecified) vs. no mask in household contacts
      and other community settings

2 RCTs (13, 14) and 7 observational studies (16,
   25, 26, 29, 33, 34, 36)

   N95* vs. surgical mask in household contacts and other
      community settings 

   N95* vs. no mask in household contacts and other
      community settings

   Surgical mask vs. no mask in household contacts and
      other community settings

   Cloth mask vs. no mask in household contacts and other
      community settings†

   Surgical vs. cloth mask in household contacts and other
      community settings

   Consistent/always mask use vs. inconsistent mask use

   Mask (any or unspecified type) vs. no mask

   N95* vs. no mask

   Surgical mask vs. no mask

   Consistent/always mask use vs. inconsistent mask use

   N95 vs. surgical mask

2 RCTs (13, 14) and 2 observational studies (16, 25)
   

1 RCT (13) and 2 observational studies (16, 25)

1 RCT (13) and 1 observational study (16)

6 observational studies (16, 17, 22, 24, 25, 36)

4 observational studies (20, 21, 31, 35)

3 observational studies (21, 32, 35)

1 observational study (35)

5 observational studies (15, 19, 23, 28, 30)

1 RCT (4) and 4 observational studies (18, 19, 27, 31)
   

RCT = randomized controlled trial.
* N95 or equivalent/similar respirators (for example, P2, FFP2, FFP3).
†New evidence added for this update.

Major Update: Masks for Prevention of Respiratory Virus Infections REVIEW

Annals.org Annals of Internal Medicine 5

http://www.annals.org
http://www.annals.org


not find an association between more consistent use and
decreased risk for PCR-confirmed SARS-CoV-2 infection
(adjusted hazard ratio [HR], 1.27 [CI, 0.63 to 2.27]) (17). The
evidence for consistency of mask use remained insufficient
(Figure 2 and Supplement Table 7). No included study of
masks in community settings evaluated harms.

Health Care Settings
Prior updates identified no RCTs on masks and

SARS-CoV-2 infection in health care settings. Five previ-
ously included observational studies provided insufficient
evidence on N95 versus surgical masks due to methodo-
logical limitations and inconsistency (risk estimates ranged
from 0.60 to 7.1) (27, 31, 35, 37, 41). Three previously
included studies did not adjust for confounders and were
excluded from this update (35, 37, 41). The 2 remaining
cohort studies were inconsistent. A study of Swiss HCWs
(n =3259) found “mostly” FFP2 respirator use associated
with decreased SARS-CoV-2 seropositivity risk versus
“mostly” surgical mask use after adjustment for various
exposures (adjusted HR, 0.80 [CI, 0.64 to 1.00]) (27). The
other study (n =963) found FFP2 respirator use in Italian
HCWs associated with a marked increased risk for PCR-
confirmed SARS-CoV-2 infection, but it only adjusted for
sex (adjustedOR, 7.1 [CI, 3.6 to 13.9]) (31).

One new RCT (4) and 2 new observational studies
(18, 19) compared N95 versus surgical masks in health
care settings. The RCT (n =1009) was done in Canada,
Israel, Pakistan, and Egypt and compared instruction to
use N95 versus surgical masks in HCWs providing rou-
tine patient care (4). Surgical masks were noninferior to
N95s for risk for PCR-confirmed SARS-CoV-2 infection
(HR, 1.14 [CI, 0.77 to 1.69]) on the basis of a prespecified
noninferiority margin of up to a doubling of risk. The trial
was open label and pragmatic (for example, patients ran-
domly assigned to surgical masks could use N95s if indi-
cated, on the basis of point-of-care risk assessment). Self-
reported adherence “all the time” was reported by 81%
in the N95 group and 91% in the surgical mask group;
adherence was also high in a monitored participant sub-
set. The protocol had several modifications to expand
enrollment criteria, decrease follow-up duration, account
for variable duration of follow-up, and account for COVID-
19 vaccination uptake; these did not seem to have biased
findings. A post hoc analysis found that HRs ranged from
0.95 in Egypt to 2.83 in Canada; however, country-specific
estimates were very imprecise other than for Egypt, which
accounted for 74% of cases (HR, 0.95 [CI, 0.60 to 1.50]).
N95 masks were associated with a nonstatistically signifi-
cant increased risk for mask-related adverse events (13.6%
vs. 10.8%; risk ratio, 1.25 [CI, 0.87 to 1.79]), primarily due to
increased discomfort and headaches. There were few with-
drawals due to adverse events (3 with N95s and 1 with sur-
gical masks).

Two new fair-quality case–control studies (2607 and
2045 cases) from France and Canada each found N95
respirators associated with decreased risk for SARS-CoV-2
versus surgical masks, although estimates were imprecise
(adjusted OR, 0.85 [CI, 0.55 to 1.29] [18] and adjusted OR,
0.6 [CI, 0.3 to 1.1] during nonaerosol generating

procedures and adjusted OR [CI, 0.2 to 2.0] during aero-
sol generating procedures, in postvaccination period
[19]). On the basis of the new RCT, the strength of evi-
dence was changed from insufficient to low for similar
effects of N95 and surgical masks when providing routine
patient care in health care settings (Figure 2 and
Supplement Table 7).

Prior updates found insufficient evidence to deter-
mine effects of mask use versus nonuse (5 studies [20,
31, 35, 39, 41]) or more versus less consistent mask use
in health care settings (4 studies [15, 23, 28, 38]) on
SARS-CoV-2 infection risk. Excluding 3 studies (38, 39, 41)
not meeting revised inclusion criteria left 3 prior studies of
mask use versus nonuse with inconsistent results (20, 31,
35) and 3 studies of more versus less consistent mask use
in which SARS-CoV-2 infection was based on seropositiv-
ity only (15) or the estimate was very imprecise (23, 28).

A new cross-sectional study (n =2952; Italy) found
any mask use by occupational medicine unit workers
associated with decreased risk for PCR-confirmed SARS-
CoV-2 infection versus nonuse (adjusted OR, 0.63 [CI,
0.45 to 0.87]); findings were similar but more imprecise
for FFP2 or FFP3 use versus nonuse (adjusted OR, 0.48
[CI, 0.21 to 1.09]) (21). Two new observational studies
comparedmore versus less consistent mask use in health
care settings. A case–control study (2046 cases; Canada)
found always masking at work associated with a nonstat-
istically significant decreased risk for PCR-confirmed
SARS-CoV-2 infection versus not always masking (adjusted
OR, 0.6 [CI, 0.3 to 1.4]) (19), and a cohort study (n =129;
Brazil) foundmask use all of the time associated with a statis-
tically significant reduction in risk for SARS-CoV-2 seroposi-
tivity versus mask use some of the time (adjusted OR, 0.18
[CI, 0.04 to 0.85]) (30). The evidence for mask use versus
nonuse and more versus less consistent mask use remained
insufficient (Figure 2 and Supplement Table 7).

DISCUSSION

This update summarizes the evidence on the effec-
tiveness and comparative effectiveness of masks for pre-
venting SARS-CoV-2 infection. Figure 2 is an updated
evidence map showing the strength of evidence for key
mask comparisons by setting (community or health care)
(see also Supplement Table 7). The original review, done
near the start of the COVID-19 pandemic, included only 2
observational studies on SARS-CoV-2 infection that pro-
vided insufficient evidence (2). Although evidence on other
respiratory illnesses was more robust, applicability to SARS-
CoV-2 was uncertain. An expanded evidence base enabled
this update to focus on SARS-CoV-2 infections.

As in prior updates, our main finding for community
settings was low to moderate strength evidence that
mask use (any or unspecified type) may be associated
with a small reduction in risk for SARS-CoV-2 infection
versus no masks. Although 2 previously included RCTs
each found interventions to increase mask use associ-
ated with a small reduction in risk for SARS-CoV-2 infec-
tion, interventions (a recommendation to wear masks
versus a community-level mask promotion intervention)
and settings (transmission rates, use of other infection
control measures, socioeconomic status, and other fac-
tors) differed, and adherence was suboptimal (13, 14). In
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addition, 1 RCT reported imprecise estimates and did
not assess masks as source control, and high uptake of
other infection control measures could have attenuated
benefits (14). Methodological limitations in the other RCT
included differential recruitment and incomplete outcomes
assessment (13). The risk reduction was around 10% to
18%, which may be important on a population level,
especially when considering cumulative effects over
time. Observational studies of masks versus no masks
consistently found masks associated with decreased risk
for SARS-CoV-2 infection but had methodological limi-
tations and some imprecision. The evidence on surgical
versus cloth masks or more versus less consistent mask
use remained insufficient.

In health care settings, a new RCT found that effects
of instruction to use surgical masks were noninferior to
instruction to use N95 respirators for routine patient care
(4). However, noninferiority was defined as less than a
doubling of risk, with the CI consistent with up to a 70%
increase in risk. Due to a single trial with imprecision, the
strength of evidence was low. In addition, the RCT could
have reported attenuated benefits of N95 respirators in
the health care setting due to infections acquired in the
community or home (45). Although results were similar
when patients were stratified according to presence of
nonwork exposures, the analysis was post hoc and based
on self-reported and known exposures (4). The trial was
done in 4 countries (Egypt, Canada, Pakistan, and Israel)
that varied with regard to COVID-19 seroprevalence, vacci-
nation status, Omicron predominance, personal protective
equipment use, and other factors. A post hoc stratified
analysis indicated potential heterogeneity by country,
but estimates from all countries were imprecise except
for Egypt, which accounted for nearly 75% of the SARS-
CoV-2 infections. Results are likely most applicable to
settings similar to Egypt (for example, Omicron-predominant,
high baseline COVID-19 seroprevalence) and do not
apply to situations in which routine N95 use is recom-
mended (for example, around aerosol-generating proce-
dures) (4). Observational studies on N95 versus surgical
masks had methodological limitations and inconsistency,
and evidence on other mask comparisons in health care
settings remained insufficient.

Evidence on harms remained very limited. One new
RCT found N95s associated with a nonstatistically signifi-
cant increased risk for bothersome mask-related harms
versus surgical mask, with no serious events (4). Prior
RCTs did not report harms, and observational studies
were not designed to evaluate harms. As detailed in the
original review (2), reporting of harms in RCTs of masks
and other respiratory viruses was suboptimal but did not
indicate serious harms. There remains no evidence on
extended or reuse of N95 respirators and risk for SARS-
CoV-2 infection.

This update differs from other systematic reviews of
masks (46–51) by focusing on SARS-CoV-2 infection and
(due to our living review approach) being more up to date,
including a key new RCT (4). For example, a recently
updated systematic review concluded that wearing
masks in the community probably makes little or no dif-
ference versus no masks in preventing acute respiratory
viral infection but combined earlier trials of influenza-
like illness or influenza with trials of SARS-CoV-2 infection,
despite differences in viral circulation levels and transmission

potentially affecting mask effectiveness (46). Findings in
the review for N95 versus surgical masks were based only
on RCTs of influenza or influenza-like illness, as the new
RCT was identified too late to be included in analyses (4).
In addition to focusing on SARS-CoV-2, we prospectively
implemented additional protocol changes to focus on
higher-quality and more relevant evidence. Application of
updated and more stringent eligibility criteria resulted in
exclusion of some previously included studies, which did
not affect findings.

Despite focusing on higher-quality studies, the evi-
dence base continues to have important limitations.
Randomized controlled trials were few and had some
imprecision andmethodological shortcomings. In addition,
RCTs evaluated interventions to promote or encourage
mask use and were designed pragmatically, improving
applicability but potentially attenuating estimated effects
due to suboptimal adherence and crossover. For example,
the RCT of N95 versus surgical masks permitted HCWs ran-
domly assigned to surgical masks to use N95s (crossover)
in situations perceived to be at high risk for transmission,
which could have diminished the relative benefits of N95s
(4). Only 1 RCT was designed to include the effects of
masks to prevent SARS-CoV-2 infection acquisition and as
source control (13). Observational studies were based on
actual mask use but remained highly susceptible to recall
bias due to reliance on self-report and confounding.
Although studies of masks focused on use in specific (for
example, health care, home, or community) settings, expo-
suresmay occur inmultiple settings, complicating interpreta-
tion of findings (45). Studies of cloth masks often provided
few details aboutmaterial, number of layers, and fit (52), and
some studies evaluated masks with limited or uncertain
generalizability. For example, 1 RCT used specially designed
washable surgical masks and cloth masks made of higher
filtrationmaterials than in commonly available commercial
masks (14). In some studies, SARS-CoV-2 infection was
based solely on antibody testing, which is not recommended
for diagnosis of acute infection (53). Little evidence is available
from theOmicron-predominant era.

The review process had limitations.Wedid not attempt
meta-analysis owing to study methodological shortcom-
ings and heterogeneity in study designs, comparisons, and
outcomes and did not formally assess for publication bias
due to heterogeneity and few studies for most compari-
sons. We restricted inclusion to English-language articles
and excluded ecological studies and studies on mask poli-
cies that did not provide information on individual mask
use, whichmay provide complementary information (8).

Additional research would further clarify the compar-
ative effectiveness of masks for prevention of SARS-CoV-2
infection. Future studies should have adequate statistical
power for primary as well as stratified analyses. Assessing
masks as source control represent a challenge, requiring
evaluation of SARS-CoV-2 infections in communities
of masked and unmasked persons. Studies should
use appropriate methods for diagnosing SARS-CoV-2
infection, describe key mask characteristics, evaluate
adherence, and assess harms as well as benefits.
Although well-conducted observational studies could
supplement RCTs, susceptibility to recall bias and residual
confounding represent an important limitation that would
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require intensive, prospective measurement of behaviors
and exposures by external observers to overcome.

In conclusion, updated evidence suggests that masks
may be associated with a small reduction in risk for SARS-
CoV-2 infection in community settings. Surgical masks
and N95 respirators may be associated with similar risk for
infection in health care settings, but a beneficial effect of
N95 respirators cannot be ruled out.
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